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CHAPTER 9.- INDIRECT DETERMINATION OF 
PEAK DISCHARGE 

INTRODUCTION 

During floods, it is frequently impossible or impractical to measure 
the peak discharges when they occur because of conditions beyond 
control. Roads may be impassable; structures from which current- 
meter measurements might have been made may be nonexistent, not 
suitably located, or destroyed; knowledge of the flood rise may not be 
available sufficiently in advance to permit reaching the site near the 
time of the peak; the peak may be so sharp that a satisfactory cur- 
rent-meter measurement could not be made even with an engineer 
present at the time; the flow of debris or ice may be such as to prevent 
use of a current meter; or limitations of personnel might make it 
impossible to obtain direct measurements of high-stage discharge at 
numerous locations during a short flood period. Consequently, many 
peak discharges must be determined after the passage of the flood by 
indirect methods such as slope-area, contracted opening, flow-over- 
dam, or flow-through-culvert. 

Indirect determinations of discharge make use of the energy equa- 
tion for computing streamflow. The specific equations differ for differ- 
ent types of flow, such as unobstructed open-channel flow, flow over 
dams, and flow through culverts. However, all the methods involve 
these general factors: 
1. Physical characteristics of the channel; that is dimensions and 

conformation of the channel within the reach used and boundary 
conditions. 

2. Water-surface elevations at time of peak stage to define the upper 
limit of the cross-sectional areas and the difference in elevation 
between two or more significant cross sections. 

3. Hydraulic factors based on physical characteristics, water-surface 
elevations, and discharge, such as roughness coefficients and dis- 
charge coefficients. 
This chapter provides only a brief general discussion of the proce- 

dures used in collecting field data and in computing discharge by the 
various indirect methods. That highly specialized subject is treated in 
detail in the several manuals of the series “Techniques of Water- 
Resources Investigations of the United States Geological Survey” 
that are listed as references at the end of this chapter. 
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It should be remembered that the discharge that is determined by 
either direct measurement or by indirect methods includes not only 
the water but also any substances suspended or dissolved in the water 
(p. 79). 

COLLECTION OF FIELD DATA 

The data required for the computation of discharge by indirect 
methods are obtained in a field survey of a reach of channel. The 
survey includes the elevation and location of high-water marks cor- 
responding to the peak stage; cross sections of the channel along the 
reach; selection of a roughness coefficient; and description of the 
geometry of dams, culverts, or bridges, depending on the type of 
peak-discharge determination to be made. The selection of a suitable 
site is a most important element in the application of the indirect 
method of discharge determination. 

It is recommended that a transit be used to make a “transit-stadia” 
survey of the selected site. That method combines vertical and hori- 
zontal control surveys in one operation and is accurate, simple, and 
speedy. 

Selection of a roughness coefficient remains essentially an “art” 
that is developed through experience. The factors that exert the 
greatest influence on the coefficient of roughness are the character of 
the streambed material, cross section irregularity, the presence of 
vegetation, and the alinement of the channel. In the Manning equa- 
tion the roughness coefficient, n, ranges from as low as 0.012 for a 
concrete-lined channel in excellent condition or for a smooth sand 
channel of regular geometry to more than 0.1 for overbank areas 
having a heavy cover of brush. 

SLOPE-AREA METHOD 

The slope-area method is the most commonly used technique of 
indirect discharge determination. In the slope-area method, dis- 
charge is computed on the basis of a uniform-flow equation involving 
channel characteristics, water-surface profiles, and a roughness or 
retardation coefficient. The drop in water-surface profile for a uniform 
reach of channel represents energy losses caused by bed and bank 
roughness. 

In applying the slope-area method, any one of the well-known vari- 
ations of the Chezy equation may be used. However the Manning 
equation is preferred in most countries, including the U.S.A., because 
it is simple to apply, and the many years of experience in its use have 
shown that it produces reliable results. 
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The Manning equation, written in terms of discharge, is 
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Q = 1.486 AR@S”, (in English units), or (45) 
n 

Q = AR2k3~z (in metric units), (454 
n 

where 
Q = discharge, 
A = cross-sectional area, 
R = hydraulic radius, 
S = friction slope, and 
n = roughness coefficient. 

The Manning equation was developed for conditions of uniform flow 
in which the water-surface profile and energy gradient are parallel to 
the streambed and the area, hydraulic radius, and depth remain con- 
stant throughout the reach. For lack of a better solution, it is assumed 
that the equation is also valid for the nonuniform reaches that are 
invariably encountered in natural channels, if the water-surface gra- 
dient is modified by the difference in velocity-head between cross 
sections. The energy equation for a reach of nonuniform channel be- 
tween cross section 1 and cross section 2 shown in figure 134 is 

(h, + h,,) = (h, + hUgI + &)I - 2 + NW, - 2, (46) 

where 
h = elevation of the water surface at the respective cross 

sections above a common datum, 
h,- = velocity head at the respective cross sections = (rV2/2g, 

where (Y = velocity-head coefficient, 
hf = energy loss due to boundary friction in the reach, 

Ah,. = upstream velocity head minus the downstream velocity 
head, used as a criterion for expansion or contraction 
of reach, and 

k(Ah,.) = energy loss due to acceleration or deceleration in a con- 
tracting or expanding reach, where 

k = energy loss coefficient. 
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The friction slope (S) to be used in the Manning equation is thus 
defined as 

S = h,z Ah + M,, - k(Ah,) , 
L L (47) 

where Ah is the difference in water-surface elevation at the two sec- 
tions and L is the length of the reach. 

In using the Manning equation the conveyance, K, is computed for 
each cross section as (1.486/n)AR2/3 in English units, or (Iln)AR2~” in 
metric units. The mean conveyance in the reach is then computed as 
the geometric mean of the conveyance at the two sections. This proce- 
dure is based on the assumption that the conveyance varies uniformly 
between sections. The discharge is computed by use of the equation 

Q=w, (48) 

where S is the friction slope as previously defined. 

CONTRACTED-OPENING METHOD 

The contraction of a stream channel by a roadway crossing creates 
an abrupt drop in water-surface elevation between an approach sec- 
tion and the contracted section under the bridge. The contracted sec- 
tion framed by the bridge abutments and the channel bed is in a sense 
a discharge meter that can be utilized to compute floodflows. The head 
on the contracted section is defined by high-water marks, and the 
geometry of the channel and bridge is defined by field surveys. 

In computations of peak discharge at a contraction, the drop in 
water-surface level between an upstream section and a contracted 
section is related to the corresponding change in velocity. The dis- 
charge equation results from writing the energy and continuity equa- 
tions for the reach between these two sections, designated as sections 
1 and 3 in figure 135. 

The discharge equation is 

Q = CA,4 2g Ah + a, v,2 -hf 
2.9 > 

, (49) 

in which 
Q = discharge, 
g = acceleration of gravity, 
C = coefficient of discharge based on the geometry of the bridge 

and embankment, 
A:, = gross area of section 3; this is the minimum section parallel 

to the constriction between the abutments, and it is not 
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necessarily located at the downstream side of the bridge, 
Ah = difference in elevation of the water surface between sec- 

a1 2 

tions 1 and 3, 
- = weighted average velocity head at section 1, where V, is 

the average velocity, Q/A,, and (Y, is coefficient that 
takes into account the variation in velocity in that sec- 
tion, and 

h, = the head loss caused by friction between sections 1 and 3. 
The friction loss, h,, as computed by the Manning equation, is only 

(1) I 
b 

(3) 

FIGURE 135.-Definition sketch of an open-channel contraction. 
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an approximation of the actual loss because of the rapid change in 
velocity from section 1 to section 3. Therefore, satisfactory results are 
attainable only if the term “/+” is small relative to the difference in 
head, Ah. 

FLOW OVER DAMS AND WEIRS 
The term “dams,” as used here, also includes highway and railway 

embankments that act as broad-crested dams during floods. The peak 
discharge over a dam or weir can be determined on the basis of a field 
survey of high-water marks and the geometry of the particular struc- 
ture. (The terms “dam” and “weir” are used interchangeably.) 

The basic equation for flow over a dam is 

Q = CbH3/2, (50) 
where 

Q = discharge, 
C = a coefficient of discharge having the dimensions of the 

square root of the acceleration of gravity, 
b = width of the dam normal to the flow, excluding the width of 

piers, if any, and 
H = total energy head (h + V,,‘/2g) referred to the crest of the 

dam, where h = static head, and V,, = mean velocity at 
the approach section to the dam. 

It is apparent from equation 50 that the reliability of a computation 
of flow over a dam is dependent primarily on using the correct dam 
coefficient, C. Values of C vary with the geometry of the dam and with 
the degree of submergence of the dam crest by tailwater. One of the 
manuals referred to on page 273 (Hulsing, 1967) treats in detail the 
coefficients associated with sharp-crested (thin-plate) weirs, broad- 
crested weirs, round-crested weirs, and weirs of unusual shape. Be- 
cause the technical details in that manual cannot be readily sum- 
marized here, the reader is referred to the Hulsing report. 

FLOW THROUGH CULVERTS 
The peak discharge through culverts can be determined from 

high-water marks that define the headwater and tailwater eleva- 
tions. This indirect method is used extensively to measure flood dis- 
charges from small drainage areas. 

The placement of a roadway fill and culvert in a stream channel 
causes an abrupt change in the character of flow. This channel transi- 
tion results in rapidly varied flow in which acceleration, rather than 
boundary friction, plays the primary role. The flow in the approach 
channel to the culvert is usually tranquil and fairly uniform. How- 
ever, within the culvert the flow may be tranquil, critical, or rapid if 
the culvert is partially filled, or the culvert may flow full under pres- 
sure. 
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The physical features associated with culvert flow are illustrated in 
figure 136. They are the cross section in the approach channel located 
upstream from the culvert entrance at a distance that is equivalent to 
the width of the culvert opening; the culvert entrance; the culvert 
barrel; the culvert outlet; the farthest downstream section of the 
barrel; and the tailwater downstream from the culvert barrel. 

The change in the water-surface profile in the approach channel 
reflects the effect of acceleration that results from the contraction of 
cross sectional area. Loss of energy near the entrance is related to the 
sudden contraction and subsequent expansion of the live stream 
within the barrel, and entrance geometry has an important influence 
on this loss. The important features that control the stage-discharge 
relation at the approach section can be the occurrence of critical depth 
in the culvert, the elevation of the tailwater, the entrance or barrel 
geometry, or a combination of these elements. 

The peak discharge through a culvert is determined by application 
of the continuity equation and the energy equation between the ap- 
proach section and a section within the culvert barrel. The location of 
the downstream section depends on the state of flow in the culvert 
barrel. For example, if critical flow occurs at the culvert entrance, the 
headwater elevation is not a function of either the barrel friction loss 
or the tailwater elevation, and the terminal section is located at the 
upstream end of the culvert. 

Information obtained in the field survey includes the peak eleva- 
tion of the water surface upstream and downstream from the culvert 
and the geometry of the culvert and approach channel. Reliable 
high-water marks can rarely be found in the culvert barrel; therefore, 
the type of flow that occurred during the peak flow cannot always be 
determined directly from field data, and classification becomes a 
trial-and-error procedure. 

Culvert 
barrel Outlet section 

FIGURE 136.-Graphical presentation of the Bernoulli equation in culvert flow. 
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GENERAL CLASSIFICATION OF FLOW 

For convenience in computation, culvert flow has been classified 
into six types on the basis of the location of the control section and the 
relative heights of the headwater and tailwater elevations. The six 
types of flow are illustrated in figure 137, and pertinent characteris- 
tics of each type are given in table 15. From that information the 
general classification of types of flow can be made. 
1. If h,/D is equal to or less than 1.0 and (h, -2)/D is less than 1.5, 

only types I, II, and III flow are possible. 
2. If ha/D is greater than 1.0, only type IV flow is possible. 
3. If h,lD is equal to or less than 1.0 and (h, - z)/D is equal to or 

greater than 1.5, only types V and VI flow are possible. 
A manual by Bodhaine (1968) discusses trial-and-error procedures 

for further identification of the type of culvert flow and for the compu- 
tation of discharge. 

ESTIMATING DISCHARGE FROM SUPERELEVATION IN 
BENDS 

Situations exist where none of the four methods previously de- 
scribed for determining peak discharge can be reliably applied. For 
example, in a highly sinuous, steep canyon stream, there may be no 
straight reaches of sufficient length for reliable application of the 
slope-area method; no abrupt area contractions may exist; and no 
manmade structures, such as dams or culverts, may have been built. 
In the above situation the peak discharge may sometimes be esti- 
mated from the superelevation in a bend of the stream (Apmann, 
1973). The discharge should be estimated at each of several bends, 
after which the several estimated discharges are averaged. 

A fundamental characteristic of open channel flow is the deforma- 
tion of the free surface in a bend because of the action of centrifugal 
force. The water surface rises on the concave or outside bank of the 

TABLE 15.-Characteristzcs of types of culvert flow 
[D = maxnnum vertical height of barrel and dmmeter of circular culverts] 

Flow BC3~~~l 
type flow 

I Partly ftill _- 

II ____ do ____ _- 
III _--- do __---- 
IV Full --______ 
V Partly full -- 

Location of 
termmal 
sectmn 

Kind of 
control 

Inlet -----__--- Critical 
depth. 

---- do ---___-- ---_ do -----_ 
Inlet -----_---- Entrance 

geometry. 
Outlet---------- Entrance and 

CUlVWt h,-r 

slope ~ D 

Steep __ <1.5 

Mild _- cl.5 
do -- cl.5 

Any __ B1.0 
__ do _- al.5 

h, h, 
-- 
h. D 

Cl.0 s1.0 

Cl.0 s1.0 
>l.O Cl.0 

- >l.O 
- Cl.0 

- s1.0 
barrel 
geometry. 
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bend and lowers along the convex or inside bank of the bend. The 
difference in water-surface elevation between the banks is the 
superelevation. Superelevation varies with angular distance in the 
bend because of acceleration of the fluid entering and leaving the 
curve and because of the varying curvature of streamlines within the 
bend. 

The discharge equation given by Apmann (1973) is 

&=A &?.$k 
/I- 

(51) 

where 
Q = discharge, 
A = average radial cross section in the bend, 
g = acceleration of gravity, 
h = superelevation, that is, the maximum difference in water- 

surface elevation, measured along a radius of the bend, 
between inner and outer banks of the bend, and 

K = superelevation coefficient. 
The value of K is determined from the equation 

K = f tanh (9) ln($ 

p,C,(beginning 
of curve) 

Note: b=r,-r 

FIGURE 138.-Ideahzed sketch of a bend (plan view). 

(52) 
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(NOTE.-tanh is the hyperbolic tangent) 
The symbols in equation 52 are shown in the sketch in figure 138. 

The method described applies only to bends having no overbank 
flow. The limited amount of work that has been done with the method 
indicates that it should not be applied where superelevations are less 
than 0.25 ft (0.076 m) because of uncertainties regarding the eleva- 
tions of high-water marks at the banks. These uncertainties result 
from wave action and from the thickness of the bank-deposited debris 
that is often used as a high-water mark. 
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ments by wading, 

cross sectlon, modification 
of, 144-146 

current-meter type, selection 
of, 143-144,145 

position of hydrographer, 146 
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procedure, general, 143-146 
velocity-observation method, 

selection of, 143,145 
zero flow, gage helqht of, 146 

D 

Dams 
inflatable, 510-511 
See also Weirs -~ 

Dams with movable gates, 486-488 
See also Gates -- 

Dat”llJ. 

definition of, 23 
maintenance of, 23-24,63-64 

Datum corrections, 545-583 
level notes for, 545-546 

Deflection meter 
See Velocity index, deflection 

meter 
Depth corrections for deep, 

swift streams, 
meter-position correction, 

167-168 
tags, use of, 147-148.150, 

160,163 
total-depth correction, 159- 

167 
Depth, measurement of, 

handline method, 150-151 
rod method. 97-101.150 
sonic-sounder method, 108-110 
sounding-reel method, 147- 

148,159-167 
under ice, 153-154 
See also Sounding equipment .-- Dlfferentlal-head meter, 522-528 

Digital stage recorder, 36-39 
servicing of, 59-60,63 

Directlon of curcent, 129-130, 
142-143 

Discharge, changing 
See Unsteady flow 

Discharge, defined, 79,273-274 
Discharge measurements, 

below hvdroelectric power- 
plants, 140 - 

correction for storage, 177- 
179 

frequency of, 79 
llstinq of, 287-288,547-549 
mean gage height of, 170-173 

See also Current-meter -- 
discharge measurements, 
mean gage height of 

plotting of, 287 
review of, 547-549 

Discharge measurements by con- 
ventional current meter 

See Current-meter discharge 
measurements 

Discharge measurements by float 
method, 170,261-262 

accuracy of, 262 
Discharge measurements by 

fluorescent-dye dilution, 
discharge, computation of, 

Discharge measurements by 
sodium dichromate 

240-246 dilution, 212,249-250 

mean velocity adlustment, 
208-210 

total width and area 
adjustment, 207-208 

unadjusted discharge, 204. 
207 

discharqe-computation notes, 
244- 

field procedures, 237-240 
fluorometer analvsis. 240-241 
sample computatlbn, 241-246 
simplified procedures for 

making numerous measure- 
ments. 246-248 

Discharge measurements by 
moving-boat method, 

angle observer, function of, 
202 

battery charger, 193 
boat, 195-196 
boat operator, function of, 

201-202 
current meter, 188-189 
description, general, of 

measurement method, 183- 
184 

discharge, computation of, 
204-211 

equipment, 
assembly of, 199-200 
mounting of, 195-197 
removal of, 197 

field procedures, 197-204 
instrument setting, 

for rate Indicator, 201 
for sonic sounder, 200 

measurement notes, 206 
measurement site, preparation 

Of, 197-198 
notekeeper, function of, 203- 

204 
rate Indicator and counter, 

190-193 
sonic sounder, 193-195 
theory of measurement method, 

184-187 
vane and angle lndlcator, 187- 

188 
Discharge measurements by radio- 

active-tracer dilution, 
256-258 

radIoactIve tracers, 212,257 
Discharge measurements by salt 

dilution, 
advantages of, 212,237,250 
concentrated solution, 

preparation of, 251-252 
discharge, computation of, 

255-256 
injectlon of concentrated 

solution, 252 
measurement notes, 256 
measurement reach, selection 

Of, 251 
sampling by conductance meter, 

252-255 
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Discharge measurements by timing 
drift, 170,261-262 

Discharge measurements by tracer 
dilution, constant-rate 
Injection, 

advantages of, 212,219,237 
concentration-time curve, 

213,214 
fluorescent dye, use of, 223- 

248 
sodium dlchromate, use of, 

249-250 
theory, 212,213 

Discharge measurements by tracer 
dilution, general, 

calibration of measurement 
reach, 220-222 

inflow or outflow, effect of, 
222-223 

loss of tracer, 216,239 
mixing lenqth, 217-219 
mixing of tracer in reach, 

216-219 
percentage of mixing, 219-220 
tracer criteria, 211-212 
turbidity, effect on, 215-216 
when used, 212 

Discharge measurements by tracer 
dilution, sudden 
injection, 

advantages of, 212 
concentration-time curve, 214- 

215 
radioactive tcacecs, use of, 

212.256-258 
salt, use of, 212.250-256 
theory, 212-213,214-215 
See also Dye-ln]ection -__ 

apparatus, fluorescent 
dye, fluorometer 

Discharge measurements, types 
of, 

current-meter (conventional) 
method, 79-183 

float method, 261-262 
moving-boat method, 183-211 
peak discharge, indirect 

methods Ear, 273-284 
portable Parshall flume 

method, 265-267 
portable-weir method, 263-265 
tracer-dilution method, 211- 

259 
unstable flow, method for, 

268-272 
volumetric method, 262-263 

Discharge rating for hydraulic 
facilities. 486-543 

See also Stageidischarge -- 
relation 

Discharge-record, daily, 
digital-recorder statlon, 

automated-computation sequence 
for, 592-597 

computation-progress form for, 
597,599-600 

general procedure for, 587 
input to computer for, 588,589 

output from computer for, 
588,590-592 

statlon-analysis document 
for, 597,599 

Discharge record, daily, 
estimates for 

periods oE indeterminate 
stage-discharge relation, 
572-573 

periods of no gage-height 
record, 573-579 

Discharge record, daily, 
graphic-recorder statlon, 

computation form for, 569- 
571,579-580 

computation method for, 571- 
572 

computation procedure Ear 3- 
parameter discharge rela- 
tlon, 586-587 

computation-progress Eorm for, 
580 

station-analysis document for, 
580-585 

tabulation form for, 570 
Discharge record, daily, 

nonrecording station, 559- 
560 

Discharge records, daily, 
hydrographic comparison 
of. 572-573.575-576 

Discharge relation, thcee- 
parameter, 558-559,586 

Drift, dischacge measurement by 
timing, 261-262 

Dry-line soundrng correction for 
vertical angles, 159- 
162,163,166-168 

Dye 
See Fluorescent dye 

Dye-in]ection apparatus, 
floating siphon, 233-234 
Mariotte vessel, 232-233 
pressure tank, 234-235 

E 

Earth Resources Technology 
Satellite (ERTS). 57-59 

Electric heaters.in stilling 
wells, 48 

Electric-tape gage, 
accuracy of, factors 

affecting, 66-67 
description of, 28,30 

Electromaqnetic velocitv meter 
for; 

open channels, 528 
see also Velocity index, -- 

electromaqnetic meter 
pressure cond;its, 528 

Equipment assemblies for 
current-meter discharge 
measurements, 

boat equipment, conventional, 
120-123 

bridge equipment, 117-120 
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cableway equipment, 110-117 
ice equipment, 124-129 
moving-boat equipment, 187-197 
velocity-azimuth-depth 

assembly, 129-130 

F 

Fall, 393,394-395 
Fall-rating method 

See Stage-fall-discharge 
relation 

Float measurement of velocity, 
260-262 

accuracy of, 262 
Float-operated stage recorder, 

effect on accuracy of, 
counterweight submergence, 69- 

7" .- 
float lag, 68-69 
line shift. 69 
temperature change, 70 

Float sensor, description of, 32 
Float-tape gage, 

accuracy of, factors 
affectinq. 65-66 

description of, 26.28 
Flood routing, 344 
Flood wave, velocity of, 415 
Flume, 

choice of, 17-20 
design of, 21-22 
types of, 13,312-314 
use of for a control, 12-13 

Flume, crltlcal-flow, choice of, 
20 

See also Parshall flume 
Flume, portable, 265-267 
Flume eatlngs, shifts in, 351- 

352 
Flume, supercritical-flow type, 

choice of, 20 
description of, 320-322 
ratings for, 322-326 

Fluorescence, defined, 223 
Fluorescent dye, 

calibration of standard 
solutions of, 228-230 

characteristics of, 223 
Fluorescein, 223 
quantity for constant-rate 

injection of, 235-236 
quantity for sudden injection 

of, 236-237 
Rhodamine B, 223 
Rhodamlne BA, 223 
RhodamIne WT, 223 
sensitlvlty of measurement of, 

212,223 
storage of, 230 

See also Discharge measure- -- 
ments by tracer dilution, 
constant-rate injection 

Fluorometer, 212,223-232 
background samples for, 231, 

240-241 
calibration characteristics 

Of, 226-228 

description of, 223-226 
effect of temperature changes 

226-228,240 
flelz";se of, 225-226 
operation of, 231-232 
precautions in use of, 229, 

231-232,238,239-240 
Frazil ice, 360-361 
Froude number, 549 

G 

Gage 
See Stage gage 

GaFdatum 
See Datum 

Gage height, 
definition of, 22-23 
documentation of record, 583 
indicator of minimum, 61 
Indicator of peak. 39.60-61 - 
mean for discharge measure- 

ment, 170-173 
See also Current-meter -- 

discharge measurements. 
mean gage height of 

zero flow, 23,146,291,333-334, 
549 

Gage-height record, digital 
recorder. 588-592 

Gage-height record, graphic 
recorder, 

computation method for, 560- 
569 

determination of dally mean 
gage height from, 564 

gage-height correctlons for, 
563-564 

subdIvIsion of dally gage 
heights from, 564-569 

time corrections for, 560-562 
Gage-height record, nonrecordlng 

station, 24-25 
computation method for, 559- 

560 
Gage-height record, uses of, 23 
Gage well 

See Stilling well 
Gaqlnq cars 

&-Cable cars 
Gaging statlon 

&es Stream-gaging station 
Gates, 

bear trap, 509,511-512 
discharge rating of, 536-538 
drum, 488-496 
flashboards, 512-513 
hinged-leaf, 509,511-512 
needles, 514 
radial, 

on curved dam crest or 
still. 496.499-507 , 

on horizontal surface, 496- 
499 

roller, 508 
stop logs, 514 
Talnter (See radial) 
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vertical-lift, 507-508 
wickets, 509-510.511-512 

Geiaer counter. 258 
Gibson method,.533-536 
Graphic stage recorder, 39-41 

servlclng of, 59-60,63 
See also Stage gage, recording -__ 

H 

Handline, sounding, 
description of, 104,106-108 
use of, 150-151 

Haskell current meter, 88,t?9 
Headphones for counting meter 

revolutions, 130 
Heaters for stilling wells, 48 
High-water marks, 

at crest-stage gage, 77-70 
at stream-gaging statlons, 60- 

61 
Hoff current meter, 88,89 
Horizontal-axis current meters, 

88-90 
Horizontal-axis deflectior vane, 

435-437 
Hydraulic facilities 

dams with gates, 486-514 
navigation locks, 514-515 

Hydroelectric powerplants, 
discharge measurements below, 

140 
discharge ratings for, 536- 

538 
Hvdroqraphlc comparison of dailv 

.dl&.charge iecords, 
572,575-576 

I 

Ice, consideration of, in 
gaging-statlon site 
selectlo", 8 

Ice, discharge measurement from, 
151-155 

Ice, effect on shifts, 553-554 
Ice, effect on stream hydraulics 

descrlptlon of, 360 
Erom anchor ice, 361 
Erom frazil, 361 
Erom surface Ice, 363-364 

Ice, formatlo" 
of anchor Ice, 361 
of frazll, 360-361 
of surface ice, 362-363 

ICC! cover, effect on tracer 
mixing, 216 

Ice creepers, 131 
Ice effect, discharge compu- 

tations for periods of, 
anchor ice, 364-366 
discharge-rat10 method, 368- 

369 
hydrographic- and climatic- 

comparison method, 
368,370-375 

proposed method, 375-376 
shifting-control method, 

368,369-370 
surface ice, 366-376 

Ice equipment, 
ice chisel, 125 
ice drill, 124-125 
ice-measuring stick, 125-128 
reel support, collapsible, 128 
weight assembly, 128-129 

see also current-meter -- 
discharge measurements 
from Ice cover 

Ice in measurement section, 
effect on accuracy, 180 

Inclined stafE gage, 26.64 
Indirect determination of peak 

discharge, 2,273-284 
See also Peak discharge, -- lndlrect determination of 

Inflatable dams, 510 
Instrument shelters for stage 

recorders, 51-52 
Intakes for stiiling wells, 

drawdown at, 47 
flushing system for, 44,50 
lag of, 45-47,60 
location of, 8, 43-44 
static tubes for, 47,50 

J 

Jones method, 416 

L 

Laboratory rating of controls, 
16-17,21,260 

Laser flowmeter, 529 
Leveling, checking of gages by, 

545-546 
Lewis method, 416 
Locks, navigation, 

leakaae throuah. 515-520 
lockage discharge, 514-515 

Logarithmic plotting, 289-294 
Loop rating curve 

for rlgld-boundary channels, 
390,413-414 

for sand channels, 378-379 

M 

Manning equation. 274-277, 
329,342 

Marlotte vessel, 232-233 
Maximum-stage indicator, 39,60- 

61 
Measurement section, selection 

of, 7,139-140,149,151-153 
Mechanical meters. 521-522 
Meters, pipe, 

bend, 526-527 
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displacement, 521 
flow-nozzle, 525-526 
inferential, 521-522 
orifice, 526 
unaltered-conduit, 527 
variable-area, 522 
venturi. 522-525 

Minimum-stage indicator, 61 
Model T stage recorder, 74-75 
Motion of current meter, effect 

of, 180-181 
Moving-boat discharge- 

measurement method 
See Discharge measurement, 

movlnq-boat method 
Moving-boat-equipment assembly, 

187-197 

N 

Neyprlc current meter, 88-90 
NonrecordIng gage 

gee Stage gage, nonrecording 

0 

Observer for gaging statlon, 24- 
25 

Oil for prevention of freezing 
In, 

bubble-gage vent pipe, 33-34 
stilling wells, 48,51,60,66-67 

Open-water discharge, 368 
Optical current meter 

See Current meter, optical 
Ott current meter, 88-90 
Orifice flow 

free, 501-503 
submerged, 503-505 

Piers in discharge-measurement 
section, 82,149-150,179 

Pipe meters 
See Meters, pipe 
See pressure-conduit meterlng 

Pltometer, 529-532 
Pltot-static tube, 529-532 
Portable flume, 265-267 
Portable weir, 263-265 
Pressure-conduit metering by, 

acoustic-velocity meter, 528- 
529 

dlfferentlal-head meter, 522- 
528 

electromagnetic-velocity 
meter, 528 

laser flowmeter, 529 
mechanical meters, 521-522 
See also Meters, pipe -- 

Pressure-conduit meter rating 
by, 

Gibson method, 533-536 
pitometer, 529-532 
pltot-static tube, 529-532 
salt-velocity method, 533 

Price current meter, 
pygmy. 86-88,143-145 
standard, 85-90,143-145 

Protractor, measurement of cable 
anclle. 118-119 ~ 

PublIshed reports 
See Annual publlshed reports 

Pulsating flow 
See Unstable flow 

Pulsations, horizontal, during 
discharge measurements, 
84-85 

Pulsations, vertical, in holes 
cut through ice, 153,155 

Pumps, discharge rating of, 536- 
537 

Pygmy current meter, 86.87-88, 
143-145 

P 

R 
Palmer-Bowlus flume, 538 
Parshall flume, 

portable, 260,265-267 
standard, 

description of, 314-316 
ratlnas for. 316-317 

PartiaL-record statlons, purpose 
of, 3 

Peak discharge, IndIrect 
determination of, 

bend-superelevatlon method, 
218,283 

contracted-opening method, 
277-279 

culvert-dlscharqe method, 279- 
281,282 

dam-discharae method. 279 
factors in,.273-274 
field data for, 274 
slope-area method, 274-277 
weir-discharae method. 279 

Peak-runoff comparison, 337-338 
Peak-stage lndlcator, 39,60-61 

Radial gate flow-over, 506 
RadIoactIve tracers, 212,256-258 

See also Discharge measure- 
ments by radioactive 
tracer dilution 

Rating 
See Stage-discharge relation 

Rating curve, 
analvsls of. 550-555 
extrapoLati& of, 332-344 
graphical plotting of, 287-294 

"e" vaLue determlnatlon. 
289-293 

preparation of, 549-550,559 
Rating-fall method 

See Stage-fall-discharge 
relation 

Rating table, 
exDanded. 557 
preparation of, 555-559 
standard, 556 
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Recording stage gage 
See Stage gage, recording 

Rectangular-coordinate plotting, 
294,333-334 

Ret?!1 
for soundlnq line, 102-104 
for width-measurement tag 

line. 110.111.120-121 
Reference gage. 53-54 

inside gage, 53 
outside gage, 53 
See also Base gage -__ 

Reference mark. 24.54 
Reference point, 54 
Relative concentration, 228 
Reversal errors, for graphic 

recorders, 563 
Roll waves 

See Unstable flow 
Roller Clates, 508 
Roughness coefficient, selection 

of, 214,342,341,549 

S 

Salt (N&l), 212,237,250 
See also Discharge measure- 

ments by salt dilution 
Salt-velocity measurement I" 

pressure conduits, 533 
Sand-channel streams, 

bed conflguratlons for, 377- 
379 

depth-discharge relation for, 
379-382 

evidence of bed forms in, 384- 
385 

flow regime of, 377-379 
sites for gaging stations on, 

377 
stage-discharge relation for, 

376-377,382-384,385-387 
Sand-channel streams, currer.t- 

meter measurements of, 
observation of configuration 

of streambed and water 
surface, 146 

position of stream gager, 146 
Sand-channel streams, gaging 

stations on, 
artlflclal controls for, 22, 

387-388 
sites for, 6,377 
"se of bubble gage for, 33-34 

Satellite data-collection 
system, 57-59 

Scintillation counter, 258 
Section control 

See Co"trols, sectlo" 
Section-control ratings 

See Stage-discharge relation, 
artificial controls 

See Stage-discharge relation, 
natural co"trols 

See Shifting control 
S&L principle af wave 

velocity, 415 

Sediment, l"clus1o" of, I" 
measured discharge, 273- 
274 

Sediment concentration, effect 
on, 

acoustic-velocity meterlng, 
456-457 

sand-bed configuration, 377- 
378 

Sediment trap for stilling well, 
51 

Sedimentation effect on, 
channel-control ratings, 354- 

359 
flume ratings, 351-352 
natural section-control 

ratings, 352 
weir ratings, 348-350 

Servo control, 32 
Servomanometer, 32 
Sewer flowmeter, 

USGS-type, 538-541 
wenze1. 541-542 

Shiftlng'control, 344-345 
channel-control ratings, 354- 

360,385-387 
detection of rating shifts, 

345-348 
flume ratings, 351-352 
natural section-control 

ratinas. 352-353 
sand-channel ratings, 385-387 
stage-fall-discharge ratings, 

422-423 
weir ratings, 348-351 

Shifts, application to rating 
C"r"BS, 553-554 

Slope-area determination of peak 
discharge, 274-277 

Slope stations, 390-412 
criteria for establishment, 

390-391 
proposed analysis method, 423- 

425 
theoretical considerations, 

391-392 
variation from true slope, 

394-395 
See also Stage-fall-discharge -__ 

relation 
Sl"4 flow 

See Unstable flow 7 Sodium dlchromate, 212,249-250 
Sonic sounder, 108-110,193-195, 

200-201 
Sounding equipment, 

handline, 104,106-108,150-151 
reel. 102-104 
sonic sounder, 108-110,193- 

195.200-201 
wading rod, 97-101 
weights and accessories, lOl- 

102 
Sounding weights 

See Weights, sounding 
SR stage recorder, 76-77 
Staff gage, 

as auxiliary gage, 53 
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Staff gage, vertical and 
inclined, 

accuracy of, factors 
affecting, 64 

description of, 26,27 
Stage, deflnltion of, 22 

See also Gage height 
Stage-discharge relation. 

defined, 79 
discharge measurements 

required, 285 
extraoolation of hiclh flow. 

2i5-286,334-344- 
by conveyance-slope method, 

334-337 
by flood routing, 344 
by peak-runoff comparlso", 

337-338 
by step-backwater method, 

338-344 
extrapolation 0E low flow, 

333-334 
graphical analysis, 287-294 
See also Ice effect 
See also Logarithmic plotting -- 
See also Rectangular- _- 

coordinate plotting 
Stage-discharge relation, 

artificial controls 
flumes, 294-295,312-314 

See also Flume, -~ 
supercritical-flow type 

See also Parshall flume 
general description of, 2&6- 

287 
transferrablllty of laboratory 

ratings, 295 
weirs. broad-crested, 295,306- 

307 
See also Columbus-type -- 

control 
See also Crump weir 
See also Trenton-type _- 

control 
See also Weir, rectangular -~ 

flat-crested 
See also Weir, rectangular -__ 

flat-crested. notched 
weirs, thin-plate, 294-306 

See also weir, rectangular -__ 
thin-elate 

See also Weir, submerged -7 thin-plate 
See also Weir, trapezoidal -- 

thin-plate 
See also Weir, triangular -~ 

thin-plate 
Stage-discharge relation, 

natural controls, 
channel control, 328-332,382- 

384,385-387 
general descrlptlo" of, 286- 

287 
section control, complete, 

326-327 
section control, compound, 

327-328 
See also Shifting control _- 

Stage-discharge relation, sand 
channels, 376-377,382- 
384,385-387 

Stage-discharge relation, shifts 
in 

See Shifting control 
Stage-discharge relation, tidal 

streams 
See Tidal streams, discharge 

catlng of 
Stage-fall-discharge relation, 

392-413,479 
discharge determination from, 

412-413 
intermittence of, 396,402,405- 

408 
rating fall constant, 396-400 
rating fall variable, 400-412 
shift in rating, 422-423 
types of, 395-396 
variable backwater combined 

with changing discharge, 
421-422 

variable slope caused by 
changing discharge, 413- 
421 

variable slope caused by 
variable backwater, 392- 
396 

See also Slope stations -- 
Stage gage, "onrecordlng, 

advantaqes of. 23 
reports-of readings of. 24- 
types of, 

chain, 31-32 
electric tape, 28-30 
float tape, 26.29 
staff, 26,27 
wire weight, 26.28 

25 

Stage gage, recording, 
advantages of, 23 
instrument shelters for, 51-52 
intakes for, 43-47 

See also Intakes for 
stilling wells 

model T, 74-75 
SR model, 76-77 
types of recorder, 

digital, 36-39 
graphic, 39-41 

types of sensor, 
bubble gage, 32-34 

See also Bubble-gage stage _- 
recorder 

float, 32 
See also Float-operated -__ 
stage recorder 

Stage-velocity-discharge 
relation, 

acoustic velocity-meter 
method, 439-459 

deflectlon-meter method, 432- 
439 

electromagnetic velocity-meter 
method, 459-469 

standard current-meter method, 
430-432 

velocity Index, types of, 429- 
430 
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Static tubes for Intakes, 47,50 
Statlon analysis, 544-559 

documentation of, 580-588, 
597,599 

Step-backwater method, 338-344 
Stillina well. 

auxiliary and reference gages 
for, 51,53-54,287 

dimensions of, 42 
intakes for, 43-47 
prevention of freezing in, 47- 

48,51 
sediment trap for, 51 
types Of, 41 

StopLatch for discharge measure- 
ments, 130 

Storage corrections for dis- 
charge measurements, 177- 
179 

Storm-drain metering 
See Urban storm-drain metering 

Streamflow, defined 
See Discharge, defined 

streamflow records, 
general, 2-3 
processing, 

by digital computer, 2 
of digital stage record, 

544-559,587-600 
of graphic stage record, 

544-559.560-587 
oE nonrecordlng stage 

record, 544-558,559-560, 
569-587 

Stream gaging, sand channels 
See Sand-channel streams, 

current-meter measurements 
See Sand-channel streams, 

gaaina stations on 
streakgaging procedures, 

general, 3-4 
Stream-gaging statlons, 

nonrecording, 24 
recording, 32,59-79 

Stream-gaging station location, 
field reconnaissance, 6 
general site selection, 4-5 
specific site selection, 4- 

9,12 
Stream-gaging station network, 

design oE, 4 
purpose of, 3 

Stream-gaging station operation, 
determination of peak stages, 

60-61 
frequency of Vlslts, 59 
inspectlon and servicing 

equipment and stage 
record, 59-60,61-63 

maintenance operations, 63 
observer, 25 

Strip-chart, 59-60 
See also Graphic stage 

recorder 
Subfloors in stilling wells, 47- 

49 
Submerged broad-crested weirs, 

312 

Submerged thin plate weirs, 305 
306 

T 

Tag lines (width measurement), 
110.120-121 

reels, 110 
Tags on sounding line, use of, 

107,147-148,150,160,163 
Telemark, 55-56 
Telemetering, 23,54-59 

impulse system of, 55 
position-motor system of, 55 
resistance-system of, 57 
satellite data-collectlon 

system of, 57-59 
Telemark system of, 55-56 

Temperature effect on, 
acoustic-velocity metering, 

454 
current-meter measurement 

accuracy, 180 
float-operated stage 

recorder, 70 
Eluorometer analysis, 

226.227.240 
sand-bed conflguratlon, 378 

Tidal streams, discharge rating 
of, 

calibration of relation, 471 
empirical methods, 475-484 
unsteady-flow equation 

methods, 471-475 
variable control, 392 
velocity-Index method, 471 

Tidal streams, methods for 
computing discharge, 2 

Tide-correction method, 479-481 
Timers for stage recorders, 

34,37-39,59-60,473 
Timing drift, discharge measure- 

ment by, 261-262 
Tracer dilution, 

concentration, 228 
relative concentration, 228 

Tracer dilution, measurement of 
discharge by 

See Discharge measurements by 
tracer dilution 

Tracers 
See Fluorescent dye 
See Radioactive tracers 
m Salt 
See Sodium dichromate 

Trenton-type control, 311-312 
Turbines, -bischarge rating of, 

536-537 
Turbulence, 84-85 

u 

Unit rating-fall method, 396-400 
Unstable flow, 

description of, 260,268-269 
examples of, 270-272 
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method of discharge deter 
mlnatlon during, 269-270 

proposed instrumentation for 
measurement of, 272 

Unsteady flow, 
effect on stage-discharge 

relation, 390,413-428 
loop rating curve of, 413-414 
rating-adjustment methods for, 

416-421 
Bayer method, 416-418 
Jones method, 416 
Lewis method, 416 
Wiggins method, 418-421 

theoretical considerations, 
414-416 

Unsteady flow combined with 
variable backwater, 421- 
422 

Unsteady-flow equations, method 
of solution, 

characteristics method, 474- 
475 

Fourier series, 475 
implicit method, 475 
power series, 473-474 

Urban storm-drain metering by, 
538-542 

USGS sewer flowmeter, 539- 
541 

Wenzel asymmetrical flow- 
meter, 541-542 

Wenzel symmetrical flow- 
meter, 541-542 

V 

Valves, discharge rating of, 
536-538 

Vane current meter, 86-87.154 
Variable backwater, 

discharge determination, 412- 
413 

effect on stage-discharge 
relation, 390,392-413 

Influence on stage-gage 
location, 7-8 

rating fall, constant, 396-400 
rating fall, variable, 400-412 

Variable backwater combined with 
changing discharge, 421- 
422 

Variable rating-fall method, 
400-412 

Variable slope, 390 
See also Variable backwater -- Vegetation, effect on, 
acoustic-velocity metering, 

457,459 
channel-control ratings, 

359-360 
flume ratings, 351-352 
natural section-control 

ratings, 353 
weir ratings, 350-351 

Velocity, wave, 415 

Velocity area method of dls 
charge determination, 334 

Velocity-azimuth-depth assembly, 
129-130 

Velocity distribution I" a 
vertical 

under ice cover, 154-155 
in own water. 132-133 

Velociiy Index,' acoustic meter, 
description, 439-441 
effect of orientation on, 448- 

454 
effect of tidal-flow reversal 

on, 448 
factors affecting operation 

Of, 454-459 
in pressure conduits, 528-529 
theory, 441-448 
use of for tidal streams, 471 

Velocity index, deflection 
meter, 

examples of use of, 437- 
439,471 

horizontal-axis vane, 435-437 
locatlon of, 432 
vertical-axls van$j,432-435 

Velocity index, electromagnetic 
meter, 

Integrated-velocity Index, 
a!xxsisal of method. 468 
instrumentation, 465-468 
theory of, 464-465 

point-velocity index, 
analysis of data, 461-464 
instrumentation, 460-461 

use of for tidal streams, 471 
Velocity-Index, standard current 

meter, 
discharge relation, call- 

bration of, 430-431 
location of, 430 
operation of, 430,432 

Velocity measurement, mean in a 
vertical by, 

five-point method, 138 
integration method, 138 
six-point method, 138-139 
six-tenths depth method, 

134-135,174,175 
subsurface-velocity method, 

108,136-137,169,174,208- 
211 

surface-velocity method, 
137-138,175 

three-point method, 135 
two-Doint method. 134 
two-tenths depth method, 

108,135-136,169,174,175 
vertical-velocity curve 

method, 132-133 
Velocity near vertical wall, 

82.87.137-138 
Velocity'puisations, 84-85 
Venturi flume 

See Parshall flume 
Venturi meter. 522-525 
Vertical-axis'current meter 

See Current meter, vertical 
axis 
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Vertical-axis deflectlo" vane, 
432-435 

v-rtical lift gates, 507-508 
'vertical staff gage, 26,27,64 
vert1ca1 ve1oc1ty curve, 133 
Verticals, spacing of, I" 

current-meter discharge 
measurements, 140,149, 
153,174,175 

Volumetric measurement of 
discharge, 260,262-263 

w 

Wading measurement of discharge 
see Current-meter discharge 

measurements by wading 
Wading rod, 

Ice, 100-101 
round, 97,99,100 
top-setting, 97,98 

Water-stage recorder 
See Stage gage, recording 

Water year, 544 
wave velocity, 415 
Weights, sounding, 

hancrers for, 102 
hanger plns'for, 102 

Weir, rectangular flat-crested, 
307-308 

notched, 309-311 
WelK, rectanqular thin-plate, 

graphical rating analysis of, 
299 

theoretical ratinq analysis 
of, 295-299 

Weir, trapezoidal thin-elate. 
299:302-303 

. 

Weir, triangular or V-notch 
thin-plate, 303-305 

See also Columbus-type control -__ 
See also Trenton-type control -- 

Weirs, 
broadcrested, 12 

submerged, 312 
choice between flumes and, la- 

20 
computations of peak discharge 

over, 279 
design oi, 21-22 
thin-plate, 12-13 

submerged, 305-306 
weir flow 

free, SOS-506 
submerged, 506 

Weir plate, portable, 260,263- 
265 

ratings. shifts in, 348-351 
Wenzel flowmeter, 541-542 
Wet-line sounding correction for 

vertical angles, 159,160, 
163-168 

Width-measuring equipment, 110 
WiggIns method, 418-421 
Wind effect on, 

chain-gage readings, 68 
current-meter discharge 

measurements, 180-181 
staff-gage readings, 64 
wire-weight gage readings, 

65 
Wire-weight gage, 

accuracy of, factors 
affecting, 64-65 

as auxiliary gage, 53 
description of, 26,28 

2 

zero flow, 23,146,291-292,333- 
334,549-550 
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